Abstract. The brushless DC motor (BLDCM) cannot adapt to the fast response speed because of its nonlinear, multivariable, time-varying parameters, strong disaster and so on. On the basis of analyzing and simplifying the mathematical model of brushless DC motor current loop, a recursive least square method is proposed to identify the current loop model of brushless DC motor. This method can accurately identify the mathematical model of the motor current loop, and the established model is effective and feasible.
Introduction
Brushless DC motor, which is composed of motor body and driver, is a typical mechatronics product. Brushless motor refers to brushless and commutator (or collector ring) motor. Also known as commutator motor. As early as the birth of the motor in 19, the practical motor produced is the brushless form, that is, the AC squirrel cage asynchronous motor, this kind of motor has been widely used. The induction motor has many defects which cannot be overcome, so the development of motor technology is slow. The transistor was born in the middle of last century, so the brushless DC motor with transistor commutator instead of brush and commutator came into being.
As a typical multi-loop cascade motion control system, the design of the control structure is one of the key technologies of the servo system. As an executive device of the servo system, the motor plays a very important role in the servo system. The performance of the motor directly affects the performance of the servo system. The common servo control systems are the current loop, the speed loop, the stable ring and the position loop, among which the current loop is the innermost loop and the fastest changing one. Its control performance directly determines the performance of the whole servo system. According to some criteria, the system identification is a selection model for the best fit with the data from a set of model classes. At present the main method of system identification is the classic identification method and modern identification method. The classical identification algorithms include the step response, impulse response method, frequency response analysis, correlation analysis and least square method method; modern identification algorithm mainly includes multi-layer hierarchical identification method, artificial neural network identification method, genetic algorithm and fuzzy logic method of system identification.
Current Ring Model of Brushless Motor
Because the current loop model of brushless DC motor is identified in this paper, the relationship between stator current and input voltage is deduced from two basic equations of brushless DC motor.
Potential balance equation:
(2-4) where U is the terminal voltage of the motor, R is the armature resistance of the two-phase winding, and I is the speed of the rotor with the stator current and e as the two-phase winding, and the anti-EMF constant of the motor is V ·s / R, which is the rotor's moment of inertia, which is the damping coefficient of the system. It is the angular speed of the motor, the load torque and the electromagnetic torque constant N ·m / A.
The relation between input voltage and armature current can be obtained by taking pull transformation for differential equation of armature circuit.
R Ls
For the mechanical equation of motion, the following results can be obtained:
The relation between armature current and input voltage can be obtained by removing omega Schion by taking (2-6) into(2-5)
Because the motor rotates, the load torque produced by the flywheel is a constant, and the input voltage is also a constant 
Recursive Least Squares Principle
For time-invariant SISO systems, define parameter vectors and information vectors as:
The problem of parameter identification in formula 1-10) can be described as the least square scheme:
The least square identification is to make use of the input and output data of the system, so that the criterion function can be obtained.
The least square estimator of the parameter is called the least square estimation of the parameter.
The basic idea of the least square recursive algorithm is that the new estimator = the old one, the new estimate is modified on the basis of the old estimate, which can not only reduce the amount of calculation and storage, but also can be identified online. It meets the requirement of real-time identification of mathematical model in engineering.
The algorithms are as follows:
Experimental Verification
Hardware Experiment Platform
In the experiment platform, the core of STM32 control is the minimum system of single chip microcomputer with basic peripheral circuit. The communication with the host computer is realized through CAN bus. And the SD card is realized by the PWM output function of the advanced timer and the capture function of the ordinary timer. The signal processing circuit can capture the position signal of the motor rotor and the current signal of the stator in real time, and transmit the data to the SD card. At the same time, according to the three channels of HALL signal captured, the signal is interrupted and 6 channels of PWM signal are output. The final program of the controller is downloaded to the STM32 development board through USB serial port, and the specific requirements of motor control are realized. . The main circuit of the motor drive plate is the motor drive and power conversion control circuit and Hall state feedback circuit. This part is composed of six PWM control signals given by the STM32 development board. Six power MOS inverters are controlled to apply the correct line voltage to the motor, so as to realize the start and stop, commutative operation and speed control of the motor.
Results of Experiments
In the experiment, the power supply voltage of the drive board is 24V. When the duty cycle of PWM is 40%, the original data of the whole process current of the motor power-up start are obtained by setting the ADC acquisition accuracy of 10kHz, and then using the Butterworth filter. After the filtered data are obtained, figure 2 is the input and output data of the motor current loop. The second order model of the motor current loop is identified by using the recursive least square identification algorithm. 
Summary
In this paper, a recursive least square method is used to identify the current loop model of brushless DC motor. First, the measurement experiment of input and output data is designed. The data of stator current measured by Butterworth filter are filtered and processed to eliminate noise interference. Butterworth filter shows good filtering effect. Then, based on two basic formulas of brushless motor, The mathematical model of stator output current, input voltage and load is derived, and the structure of motor current loop mathematical model is determined. Finally, based on the processed input and output data, the recursive least square method is used to identify the parameters. The current loop is obtained. The final model is verified by step response method in MATLAB, and the validity of the model is proved. 
